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OBSERVATIONS ON THE CHERNOBYL DISASTER AND LNT
Zbigniew Jaworowski   Central Laboratory for Radiological Protection, Ul.
Konwaliowa 7, 03-194 Warsaw, Poland
 The Chernobyl accident was probably the worst possible catastrophe of a nuclear
power station. It was the only such catastrophe since the advent of nuclear power 55 years
ago. It resulted in a total meltdown of the reactor core, a vast emission of radionuclides,
and early deaths of only 31 persons. Its enormous political, economic, social and psycho-
logical impact was mainly due to deeply rooted fear of radiation induced by the linear non-
threshold hypothesis (LNT) assumption. It was a historic event that provided invaluable
lessons for nuclear industry and risk philosophy. One of them is demonstration that count-
ed per electricity units produced, early Chernobyl fatalities amounted to 0.86 death/GWe-
year), and they were 47 times lower than from hydroelectric stations (~40 deaths/GWe-
year). The accident demonstrated that using the LNT assumption as a basis for protection
measures and radiation dose limitations was counterproductive, and lead to sufferings and
pauperization of millions of inhabitants of contaminated areas. The projections of thou-
sands of late cancer deaths based on LNT, are in conflict with observations that in com-
parison with general population of Russia, a 15% to 30% deficit of solid cancer mortality
was found among the Russian emergency workers, and a 5% deficit solid cancer incidence
among the population of most contaminated areas. 
Keywords: Chernobyl, irradiation, LNT, health effects, remedial measures, social consequences
INTRODUCTION
Ten days after two steam and hydrogen explosions blew up the
Chernobyl nuclear reactor the fire that melted its core died out sponta-
neously. But the drama of this catastrophe still flourishes, nourished by
politics, authorities, media and interest groups of ecologists, charitable
organizations and scientists. It lives in the collective memory of the world
and propagates real health, social and economic harm to millions of peo-
ple in Belarus, Russia and the Ukraine. It is exploited in attempts to stran-
gle development of atomic energy, the cleanest, safest and practically
inexhaustible means to meet the worlds energy needs. The world’s ura-
nium resources alone will suffice for the next 470,000 years (IAEA 2008).
Chernobyl was indeed a historic event, but it is the only nuclear power sta-
tion disaster that ever resulted in an occupational death toll, albeit a com-
paratively small one. A vast environmental dispersion of radioactivity
occurred that did not cause any scientifically confirmed fatalities in the
Dose-Response, 8:148–171, 2010
Formerly Nonlinearity in Biology, Toxicology, and Medicine
Copyright © 2010 University of Massachusetts
ISSN: 1559-3258
DOI: 10.2203/dose-response.09-029.Jaworowski
Address correspondence to Zbigniew Jaworowski, Central Laboratory for Radiological
Protection, ul. Konwaliowa 7, 03-194 Warsaw, Poland. Voice: +48-22-754-4434; fax +48-22-711-
7147, jaworo@clor.waw.pl
1
Jaworowski: Chernobyl disaster and LNT
Published by ScholarWorks@UMass Amherst, 2014
Chernobyl disaster and LNT
149
general population. The worst harm to the population was caused not by radia-
tion, and not to flesh, but to minds. 
This catastrophe provided many invaluable lessons. One of them is a
recognition of the absurdity of the linear non-threshold hypothesis
(LNT) which assumes that even near zero radiation dosage can lead to
cancer death and hereditary disorders. Chernobyl was the worst possible
catastrophe. It happened in a dangerously constructed nuclear power
reactor with a total meltdown of the core and ten days of free emission of
radionuclides into the atmosphere. Probably nothing worse could hap-
pen. Yet the resulting human losses were minute in comparison with
catastrophes from other energy sources. 
Highly sensitive monitoring systems that had been developed in many
countries for the detection of fallout from nuclear weapons enabled easy
detection of minute amounts of Chernobyl dust even in remote corners
of the world. This added to global epidemics of fear induced by the acci-
dent. Radioactive debris was dispersed into the troposphere and strato-
sphere of the Northern Hemisphere up to at least 15 km altitude
(Jaworowski and Kownacka 1994). On the first few days after the accident
the concentrations of radiocesium measured at this altitude over Poland
(maximum 36.1 mBq/m3 STP) was 2 to 6% of that at the ground level.
Such a high vertical distribution and mixing enabled a small portion of
Chernobyl debris to pass over the equatorial convergence and into the
Southern Hemisphere and on to the South Pole (Dibb et al. 1990;
Philippot 1990). This was not in agreement with computer models of
nuclear accidents that projected a maximum uplift of fission products to
below 3000 m altitude (ApSimon et al. 1985; ApSimon and Wilson 1987). 
Enormous amounts of radionuclides entered the air from the burn-
ing reactor. Yet the total emission was 200 times less than from all of the
543 nuclear warheads exploded in the atmosphere since 1945. The high-
est estimated radiation dose exposure to the world population from these
explosions was 0.113 mSv recorded in 1963 (UNSCEAR 1988). The radi-
ation doses from Chernobyl dust were estimated and compared with nat-
ural doses by UNSCEAR (2000a). During the first year after the accident
the average individual dose received by inhabitants of the Northern
Hemisphere was estimated by UNSCEAR as 0.045 mSv, i.e., less than 2%
of the average global annual natural dose (2.4 mSv per year). During next
70 years the global population will be exposed to a total Chernobyl dose
of approximately 0.14 mSv, or 0.08% of the natural lifetime dose of 170
mSv. People living in the most contaminated areas of the former Soviet
Union received an average annual whole body radiation doses in 1986 –
1995 of 0.9 mSv in Belarus, 0.76 mSv in Russia, and 1.4 mSv in Ukraine
(UNSCEAR 2000b). Average doses estimated for the period 1986 – 2005
are 2.4 mSv in Belarus, 1.1 mSv in Russia, and 1.2 mSv in Ukraine
(UNSCEAR 2008). All these doses dwarf in comparison with natural radi-
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ation doses in some parts of the world which, for example, in Ramsar,
Iran reach >400 mSv/year (Mortazawi et al 2006) and in Brazil and south-
western France reach up to more than 700 mSv per year (UNSCEAR
2000b) (Figure 1). 
Comparison of these doses and epidemiological observations should
be a basis of realistic estimates of the latent medical consequences of the
Chernobyl accident, rather than risk factors based on LNT. This, and com-
paratively minute health consequences were apparent soon after the catas-
trophe (Jaworowski 1988), but this information was not shared with the
FIGURE 1. Worldwide and local (near Chernobyl and in areas of high natural radiation) average
annual radiation doses from natural and man-made sources. Based on UNSCEAR (1988, 1993, 1998,
2000b).
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public. Recently the well-known environmentalist James Lovelock spent a
lot of time dispelling all usual myths that surround the Chernobyl accident
and stated that for many years the scientists who could have challenged
the nonsense about the catastrophe chose to keep quiet (Murphy 2009).
No harmful health effects have ever been detected in high natural
radiation background areas. This is consistent with other studies of the
incidence of cancers in exposed populations. In the United States and in
China, for example, the incidence of cancers was found to be lower in
regions with high natural radiation than in regions with low natural radi-
ation (Frigerio et al. 1973; Frigerio and Stowe 1976; Wei et al. 1990).
Among British radiologists exposed mainly to x-rays the all causes and
cancer mortality is lower by about 50% than that in the average male pop-
ulation of England and Wales (Berrington et al 2001). Also, in other pop-
ulation groups exposed to low doses of ionizing radiation (i.e., patients
diagnosed with 131I and X-rays, dial painters, chemists and others exposed
to ingested or inhaled radium or plutonium, persons exposed to higher
levels of indoor radon and A-bomb survivors) a lower percentage of neo-
plastic malignances was observed (Cohen 2000; Luckey 2003; UNSCEAR
1994). A Taiwan study of several thousand residents of apartments con-
taminated with cobal-60 who had been chronically exposed to gamma
rays for up to 20 years with total doses estimated to range from 120 to
4000 mSv revealed that the cancer mortality and congenital malforma-
tions of these residents substantially decreased rather than increased
(Chen et al 2004), suggesting a stimulating or hormetic effect of low
doses of low linear-energy-transfer (LET of ionizing radiation. This find-
ing was partially confirmed by a later study on cancer incidence in a sim-
ilar Taiwan cohort, in which in groups of all cancers, all cancers except
leukemia, and solid cancers, with number of cancer cases ranging from
119 to 190, a deficit of incidence was found in comparison with unex-
posed population. Such deficit, however, was not found in groups of all
types of leukemia and of some solid cancers of particular organs, in which
the number of cases was 1 to 2 orders of magnitude smaller than in the
first three groups (Hwang et al 2006). About 3000 reports on radiation
hormesis were recently reviewed (Luckey 2003).
Among approximately 200,000 American, British and Canadian
nuclear workers exposed to radiation total cancer deaths ranged from
27% to 72% of total cancer deaths in control workers (Luckey 2003).
Such hormetic deficit invalidate LNT, because the concept of hormesis
transcends difficulties of a dose threshold for excess cancers. In the
absence of hormesis, the existence of a true threshold for excess cancers
might be impossible to demonstrate rigorously because of the statistical
problems of proving an absolute equality of effect in an epidemiological
study at a very low dose level. If however a deficit is observed in the pop-
ulation irradiated at relatively high dose level, as in hormesis, there is
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often a statistically significant difference at an acceptable confidence level
(Webster 1993). This remark of Webster, an UNSCEAR member, reflects
discussions in the Committee during preparation of its “hormetic report”
(UNSCEAR 1994). 
A more recent study based on collective doses for about 400,000
nuclear workers concluded that the cancer death data are consistent with
the LNT relationship, although the authors found a 31% decrease in rel-
ative cancer mortality (Cardis et al 2007). This conclusion was based on
an ad hoc accepted assumption of a confounding healthy worker effect for
the studied cohort. However, the existence of this effect was not support-
ed by their data or by any other factual evidence. This effect could be cor-
rectly assumed only if the cancer marker diagnostics (ACS 2009) and
genetic tests were used in pre-employment screening and selection of
these workers. But these procedures were not applied in the (Cardis et al
2007) cohort, and even now they are not recommended by ICRP, direc-
tives of European Union or IAEA International Basic Safety Standards.
Thus this assumption is invalid and explains nothing. On the other hand,
the statistical reanalysis of Cardis et al (2007) data clearly documents that
their assumption of a healthy worker effect was incorrect, and their data
indicated that low doses of ionizing radiation induced a hormetic effect
in the exposed nuclear workers (Fornalski and Dobrzynski 2009). 
In terms of human losses (there were 31 early deaths) the accident in
the Chernobyl nuclear power plant was a minor event compared with
many other major industrial catastrophes. In the 20th century more than
ten such catastrophes have occurred, with several hundreds to many thou-
sands fatalities in each. For example, coal smog killed approximately
12,000 people in London UK between December 1952 and February 1953
(Bell and Davis 2001). The annual death toll from accidents in Chinese
coal mines reached 70,000 deaths in the 1950s and 10,000 in the 1990s
(WNA 2009). In 1984 about 20,000 people perished due to an eruption in
a pesticide factory in Bhopal (India) (Dhara and Dhara 2002), and the
collapse of a hydroelectric dam on the Banqiao river in China in 1975
caused 230,000 fatalities (Altius 2008; McCully 1998; Yi 1998). 
The world does not celebrate the anniversaries of these enormous
man-made disasters, but year after year we do so for the hundreds and
thousands of times less deadly Chernobyl accident. Ten years ago I dis-
cussed the possible causes of this paranoiac phenomenon (Jaworowski
1999). Measured as early deaths per electricity units produced by the
Chernobyl facility (9 years of operation, total electricity production of 36
GWe-years, 31 early deaths) yields 0.86 death/GWe-year). This rate is
lower than the average fatalities from a majority of other energy sources.
For example the Chernobyl rate is 9 times lower than the death rate from
liquefied gas, (Hirschberg et al 1998) and 47 times lower than from
hydroelectric stations (40.19 deaths/GWe-year including Banqiao disas-
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ter). But the political, economic, social and psychological impact of
Chernobyl was enormous. Let’s examine what happened starting with my
personal experience. 
PSYCHOLOGY TUNED BY LNT 
At about 9 A.M. on Monday, April 28, 1986 at the entrance to my insti-
tute in Warsaw I was greeted by a colleague with a statement, “Look, at 7:00
we received a telex from a monitoring station in northern Poland saying that the
beta radioactivity of the air there is 550,000 times higher than the day before. I
found a similar increase in the air filter from the station in our backyard, and the
pavement here is highly radioactive.” 
This was a terrible shock. My first thought was: A NUCLEAR WAR! It
is curious that all my attention was concentrated on this enormous rise of
“total beta activity” in air used to monitor radiation emergencies from
nuclear test fallout. Many years spent during the Cold War on prepara-
tions to defend the Polish population against the effects of a nuclear
attack had conditioned my colleagues and me to such an exaggerated
reaction. We reacted that way although we knew that on this first day of
“Chernobyl in Poland” the dose rate of external gamma radiation pene-
trating our bodies was higher only by a factor of 3 from the day before,
and it was similar to the average natural radiation doses which since time
immemorial we have received from ground and cosmic radiation. At 11
A.M., after we had collected enough dust from the air for gamma spec-
trometry measurements, we discovered that it contained cesium-134, and
thus that its source was not an atomic bomb but a nuclear reactor. This
was tranquilizing news, which did not, however, calm our frantic behavior.
In 1986 the impact of a dramatic increase in atmospheric radioactivi-
ty dominated my thinking and everybody else’s. This state of mind led to
immediate consequences. First there were various hectic actions, such as
ad hoc coining of different limits for radionuclides in food, water and
other things. In particular countries these limits varied by a factor of
many thousands, reflecting various political and mercenary factors and
the emotional states of the decision makers. For example, Sweden
allowed for 30 times more activity in imported vegetables than in domes-
tic ones, and Israel allowed less radioactivity in food from Eastern than
from Western Europe. The cesium-137 concentration limit in vegetables
imposed in the Philippines was 22 Bq per kg, 8600 times lower than in the
more pragmatic United Kingdom (Salo and Daglish 1988). In Poland a
group of nuclear physicists and engineers proposed a cesium-137 limit of
27 Bq in 1 kilogram for any kind of food, but, fortunately, the authorities
decided more soberly and imposed a 1000 Bq limit.
Behind these restrictions, meaningless from the point of view of
human health, stood three factors: (1) emotion; (2) the LNT mindset
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and international recommendations based on it; and (3) a social need to
follow an old medical rule, “Ut aliquit fecisse videatur” (to make it appear
that something is being done). The third factor was a placebo used by the
authorities to dodge the worst kind of criticism, i.e., accusations of inac-
tivity in the face of a “monstrous disaster”. This led to an overreaction in
Europe and in some other countries, but at the greatest scale and with the
most severe consequences in the Soviet Union. The costs of these regula-
tions were enormous. For example, Norwegian authorities introduced a
cesium-137 concentration limit of 6000 Bq/kg in reindeer meat and
game, and a 600 Bq/kg limit for sheep (Henriksen and Saxebol 1988). A
Norwegian eats an average of 0.6 kg of reindeer meat per year. The radi-
ation dose from this meat would be 0.047 mSv per year. Thus this meas-
ure was aimed to protect Norwegians against a radiation dose about 200
times lower than the natural dose in some regions of Norway (11 mSv per
year) (UNSCEAR 1982). The costs of this “protection” climbed to over
$70 million in 1986, and in the 1990s it was still about $4 million per year
(Christensen 1989; Idas and Myhre 1994). This means that unnecessary
and wasteful restrictions, once implemented under the influence of the
above three factors, have a long lifetime.
The hysterical reaction of authorities, further excited by extremely
exaggerated media reports, is well exemplified by the Japanese govern-
ment’s cancellation of a several hundred million (in US$) contract for
shipping Polish barley for the production of Japanese beer. This hap-
pened in May, 1986 a few days after completely false information of
extreme contamination of Poland by Chernobyl fallout appeared on the
front page of the biggest Japanese daily, Asahi Shimbun. It screamed with
block letters, “DUST OF DEATH IN POLAND”, and it cited my name as
the source of the information. I was asked by the Polish government to
write a text in English which might be used to avert this loss of money. I
did this during a weekend spent with my wife in our cottage on the banks
of the Vistula together with John Davis, the American ambassador to
Poland, and his charming wife Helene. When I finished my writing assign-
ment I asked John to correct the language. He said that the English was
almost OK, but not exactly in proper diplomatic style. He then proceed-
ed to change the text completely. On Monday a spokesman for the com-
munist government asked me to read the text at his press conference. I
presented the talk, but after I finished he distributed copies of the talk to
the waiting flock of journalists. He was totally unaware that it had been
prepared by the US ambassador. A visit by the Japanese ambassador to
our institute managed to salvage the contract. A few days later ambassa-
dor Davis arranged an international deal for shipment by air of large
quantities of powdered milk for Polish children to replenish strategic
reserves that were rapidly being depleted. This was not an easy task
because other European countries, in a similar position to ours, refused
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to sell their milk. As we now know, during the next four years the Davises
played a delicate but pivotal role in realizing a major goal for the people
of Poland, Solidarity’s victory over communism (Davis 2009; Davis et al
2006). As explained below Solidarity’s triumph was related to the
Chernobyl accident.
A classic example of wastefully applying the LNT principle to the
Chernobyl emergency was provided by Swedish radiation protection
authorities. When the farmers near Stockholm discovered that the
Chernobyl accident had contaminated their cow’s milk with cesium-137
above the limit of 300 Bq per liter imposed by authorities, they wrote ask-
ing if their milk could be diluted with uncontaminated milk from other
regions to bring it below the limit. This would be done by mixing 1 liter of
contaminated milk with 10 liters of clean milk. To the farmers’ surprise
and disappointment the answer was “no”, and the milk was then to be dis-
carded. This was a strange ruling since it has always been possible to
reduce pollutants to safer levels by dilution. We do this for other pollutants
in foodstuffs, and we dilute fumes from fireplaces or ovens with atmos-
pheric air in the same way that nature dilutes volcanic emissions or forest
fire fumes. The Swedish authorities explained that even though the indi-
vidual risk could be reduced by diluting the milk, at the same time the
number of consumers would be increased. Thus the risk would remain the
same, but now spread over a larger population (Walinder 1995). 
This was a faithful application of the ICRP recommendations based
the LNT assumption and its offspring, the concept of “collective dose”,
ie., reaching terrifyingly great numbers of “man-sieverts” by multiplying
tiny innocuous individual radiation doses by large number of exposed
people. In an earlier paper I exposed the lack of sense in and negative
consequences of the LNT assumption and of the collective dose and dose
commitment concepts (Jaworowski 1999). The application of these prin-
ciples has caused the costs of the Chernobyl accident to exceed $100 bil-
lion in Western Europe (Becker 1996) and much more in post-soviet
countries where it has led to unspoken sufferings and the pauperization
of millions of people. The international institutions standing behind this
assumption and these concepts certainly will not admit responsibility
for their disastrous consequences. They should.
The linear no-threshold hypothesis was accepted in 1959 by the
International Commission on Radiological Protection (ICRP 1959) as a
philosophical basis for radiological protection. This decision was based
on the first report of the newly established United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR 1958). A large
part of this report was dedicated to a discussion of linearity and of the
threshold dose for adverse radiation effects. Fifty years ago UNSCEAR’s
stand on this subject was formed after an in-depth debate that was not
without influence from the political atmosphere and issues of the time.
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The Soviet, Czechoslovakian and Egyptian delegations to UNSCEAR
strongly supported the LNT assumption and used it as a basis for recom-
mendation of an immediate cessation of nuclear test explosions. LNT was
also supported by the Soviet Union during the later years of the Cold War
(Jaworowski 2009), and this was consistent with the thinking of American
authorities. The target theory prevailing in the 1950s and the then new
results of genetic experiments with fruit flies irradiated with high doses
and dose rates strongly influenced this debate. In 1958 UNSCEAR stated
that contamination of the environment by nuclear explosions increased
radiation levels all over the world and thus posed new and unknown haz-
ards for present and future generations. These hazards cannot be con-
trolled and “even the smallest amounts of radiation are liable to cause
deleterious genetic, and perhaps also somatic, effects”. This sentence had
an enormous impact in subsequent decades and has been repeated in a
plethora of publications. Even today it is taken as an article of faith by the
public. However, throughout the entire 1958 report the original
UNSCEAR view on LNT remained ambivalent. As an example, UNSCEAR
accepted as a threshold for leukemia a dose of 4000 mSv (page 42), but
at the same time the committee accepted a risk factor for leukemia of
0.52% per 1000 mSv, assuming LNT (page 115). The committee quite
openly presented this difficulty and showed its consequences in a table
(page 42). Continuation of nuclear weapons tests in the atmosphere was
estimated to cause 60,000 leukemia cases worldwide if no threshold is
assumed, and zero leukemia cases if a threshold of 4000 mSv were in
place. In the final conclusions UNSCEAR pinpointed this dilemma.
“Linearity has been assumed primarily for purposes of simplicity”, and “There may
or may not be a threshold dose. The two possibilities of threshold and no-threshold
have been retained because of the very great differences they engender”. After a half
century we still discuss the same problem. In 1958 UNSCEAR had no
doubts about major genetic defects in the world population that could be
caused by nuclear test fallout, and estimated them as high as 40,000. But
now the Committee has learned that even among the children of highly
irradiated survivors of atomic bombings no statistically significant genet-
ic damage could be demonstrated (UNSCEAR 2001).
However, in the ICRP document of 1959 no such controversy and no
hesitations appeared. LNT was arbitrarily assumed, and serious episte-
mological problems related to the impossibility of finding harmful effects
at very low levels of radiation were ignored. Over the years the working
assumption of ICRP of 1959 came to be regarded as a scientifically docu-
mented fact by the mass media, public opinion and even many scientists.
The LNT assumption, however, belongs in the realm of administration
and is not a proved scientific principle (Jaworowski 2000).
The absurdity of the LNT was brought to light in 1987 when minute
doses of Chernobyl radiation were used to calculate that 53,000 people
9
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would die of Chernobyl-induced cancer over the next 50 years (Goldman
et al 1987). This frightening death toll calculation was derived simply by
multiplying the trifling Chernobyl doses in the US (0.0046 mSv per
person) by the vast number of people living in the Northern Hemisphere
and by a cancer risk factor based on epidemiological studies of 75,000
atomic bomb survivors in Japan. But the A-bomb survivor data are
irrelevant to such estimates because of the difference in the individual
doses and dose rates. A-bomb survivors were flashed within less than a
second by radiation doses at least 50,000 times higher than any dose that
US inhabitants will ever receive over a period of 50 years from the
Chernobyl fallout. We have reliable epidemiological data for a dose rate
of perhaps 1000 or 6000 mSv per second in Japanese A-bomb survivors.
But there are no such data for human exposure at a dose rate of 0.0045
mSv over 50 years, nor will there ever be any. The dose rate in Japan
was larger by a factor of about 1012 than the Chernobyl dose rate in the
US. Extrapolating over such a vast span is neither scientifically justified
nor epistemologically acceptable. It is also morally suspect (Walinder
1995). Indeed, Lauriston Taylor, the late president of the US National
Council on Radiological Protection and Measurements, deemed such
extrapolations to be a “deeply immoral use of our scientific heritage”
(Taylor 1980).
In its document on protection of the public in a major radiation
emergency ICRP recommended administration of stable iodine in form
of tablets to be taken before or as soon as possible after the start of expo-
sure to radioactive iodine-131 (ICRP 1984). The commission advised
applying this prophylactic measure to everybody, pregnant women,
neonates, young infants and adults, starting at the projected thyroid dose
of 50 mSv. This recommendation was based on the LNT dogma. We fol-
lowed it in Poland.
In the late afternoon of April 28, 1986 we learned from the BBC that
there was a reactor accident in Chernobyl. We had seen the radioactive
cloud flowing over Poland from east to west, and we had the first data on
concentration levels of radioiodine in grass and soil in eastern Poland
and in Warsaw. Using these data I calculated that contamination of thy-
roid glands of Polish children might reach a limit of 50 mSv, and much
more if the situation in Chernobyl and weather conditions further aggra-
vated the situation. In our institute we had no information from the
Soviet Union on the current state of affairs or of any projections regard-
ing the behavior of the destroyed reactor. Therefore we assumed that in
the next few days the radioactivity in the air would increase and cover the
whole country. We prepared a portfolio of countermeasures to be imple-
mented by the government. I presented this project at a meeting of the
deputy prime minister, several ministers and high ranking secretaries of
the Central Committee of the PZPR (Polish United Workers Party) at
10
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about 4 A.M. on April 29th. The most important measure recommended,
and also accepted after a short discussion by this mixture of government
and party, was stable iodine prophylaxis to protect the thyroid glands of
children against iodine-131 irradiation. Administration of stable iodine in
liquid form (as a “solution of Lugol”) was initiated in the northeastern
part of Poland approximately 38 hours after we discovered the Chernobyl
fallout (at approximately midnight on April 28th). Treatment was given
for the next three days, and about 18.5 million people, including adults,
received the stable iodine drug. 
We were able to perform this action successfully because we had
already made plans for implementing nuclear war emergency measures.
In the 1960s our institute had recommended that the government pre-
pare for such an event by distributing strategic stores of stable iodine at
sites all over the country as the only reasonable measure against body
contamination from fission products. The program was implemented in
the early 1970s, and each Polish pharmacy, hospital and various other
institutions had large supplies of iodine. At the time of the Chernobyl
accident Poland had more than enough iodine ready for use for approx-
imately 100 doses for each Polish citizen. A few years after the catastrophe
it was estimated that in the more contaminated parts of the country the
average thyroid radiation dose in the 1 to 10 year old age group was about
70 mSv, and in about 5% of children the maximum dose was about 200
mSv (Krajewski 1991). A decade later we learned that among those of
more than 34,000 Swedish patients who were not suspect for thyroid can-
cers, and whose thyroids were irradiated with iodine-131 up to dose of
40,000 mSv (average dose 1,100 mSv), there was no statistically significant
increase in thyroid cancers, but rather a 38% decrease in their incidence
(Dickman et al. 2003; Hall et al. 1996; Holm et al. 1988). If I knew then
what I know today I would not have recommended to the Polish govern-
ment such a vast prophylactic action, not because of its allegedly adverse
medical effects - there were none (Nauman 1989) - but because its prac-
tical positive health effect was meaningless. 
The most nonsensical, expensive and harmful action, however, was
the evacuation of 336,000 people from contaminated regions of the for-
mer Soviet Union, where the radiation dose from Chernobyl fallout was
about twice the natural dose. Later this limit was decreased to even below
the natural level and was some five times lower than a radiation dose rate
of 5.25 mSv/year at Grand Central Station in New York City (Benenson
et al 2006). “Contaminated areas” were defined as being those where the
average cesium-137 ground deposition density exceeded 37 kBq per m2.
In the Soviet Union these areas covered 146,100 km2. The Chernobyl fall-
out of about 185 kBq/m2 or more also covered large areas of Austria,
Bulgaria, Finland, Norway and Sweden (UNSCEAR 2000b). Small areas
with Chernobyl fallout reaching up to about 185 kBq/m2 were also found
11
Jaworowski: Chernobyl disaster and LNT
Published by ScholarWorks@UMass Amherst, 2014
Chernobyl disaster and LNT
159
in other countries (Great Britain, Greece, Romania, Switzerland and
Turkey (EUR 1996). Radiation doses received in areas with a cesium-137
deposition density of about 37 kBq/m2 were about 1.6 mSv during the
first year after the Chernobyl accident, and the lifetime dose (after 70
years) was predicted to reach 6 mSv (UNSCEAR 1988). This activity level
is ten times lower than the average amount (400 kBq per m2) of about 50
natural radionuclides present in a 10 cm thick layer of soil (Jaworowski
2002). The corresponding Chernobyl lifetime radiation dose is 28 times
lower than the average natural lifetime dose of about 170 mSv. But the
annual dose from 37 kBq of cesium-137 per m2 was similar to the 1
mSv/year dose limit recommended by ICRP for the general population,
and this is why it was accepted by the Soviet authorities as a yardstick for
remedial measures.
The evacuation caused great harm to the populations of Belarus,
Russia and the Ukraine. It led to mass psychosomatic disturbances, great
economic loss and traumatic social consequences. According to
Academician Leonid A. Ilyin, the leading Russian authority on radiation
protection, the mass relocation was implemented by the Soviet govern-
ment under the pressure of populists, ecologists and self-appointed “spe-
cialists”, and it was done against the advice of the best Soviet scientists
(Ilyin 1995; Ilyin 1996). The really dangerous air radiation dose rate of 1
Gy/h on 26 April 1986 (0.01 Gy/h 2 days later) covered an uninhabited
area of only about 0.5 km2 in two patches reaching up to a distance of 1.8
km southwest of the Chernobyl reactor (UNSCEAR 2000b). 
Based on these data there was no valid reason for the masterly evacu-
ation of 49,614 residents from the city of Prypyat and the village of Yanov
situated about 3 km from the burning reactor. In these settlements the
radiation dose rate in the air on 26 April 1986 was 1 mSv/h (UNSCEAR
2000b), and two days later it was only 0.01 mSv/h. Thus with a steadily
decreasing radioactivity fallout the dose rate was not dangerous at all.
However, according to L.A. Ilyin, one of the leaders of the Chernobyl res-
cue team, there was a danger that the “corium” (the melted core of the
reactor, with a total volume of ~200 m3, a mass of ~540 tons and a tem-
perature of about 2000°C, ) might penetrate down through the concrete
floor and spread to rooms below. The team suspected that in these rooms
there could have been a great volume of water with which the corium
could come into contact. This would have led to a much more powerful
explosion than the initial one and caused a vastly greater emission of
radioactivity that could have covered Prypyat and Yanow with lethal fall-
out. Therefore, the evacuation of the whole population of these localities
was a correct precautionary measure that was carried out in an orderly
manner in only two hours. But the evacuation and relocation of the
remaining approximately 286,000 people, of which there were about
220,000 after 1986 (UNSCEAR 2000b), was an irrational overreaction
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induced in part by the influence of the ICRP and IAEA recommendations
based on the LNT (Ilyin 1995). The current reluctance of the Ukrainian
authorities to resettle the residents back to Prypyat (now a slowly decay-
ing ghost town and tourist attraction) does not seem rational. The radia-
tion dose rate measured on April 10, 2008 in the streets of this city ranged
from 2.5 to 8.4 mSv/year, i.e., more than 10 times lower than natural radi-
ation in many regions of the world (Fornalski 2009) (Figure 2).
Besides the 28 fatalities among rescue workers and employees of the
power station due to very high doses of radiation (2.9 – 16 Gy), and 3
deaths due to other reasons (UNSCEAR 2000b), the only real adverse
health consequences of the Chernobyl catastrophe among approximate-
ly five million people living in the contaminated regions were the epi-
demics of psychosomatic afflictions that appear as diseases of the diges-
tive and circulatory systems and other post-traumatic stress disorders such
as sleep disturbance, headache, depression, anxiety, escapism, “learned
helplessness”, unwillingness to cooperate, overdependence, alcohol and
drug abuse and suicides. These diseases and disturbances could not have
been due to the minute irradiation doses from the Chernobyl fallout
(average dose rate of about 1 – 2 mSv/year), but they were caused by
radiophobia (an deliberately induced fear of radiation) aggravated by
wrongheaded administrative decisions and even, paradoxically, by
increased medical attention which leads to diagnosis of subclinical
changes that persistently hold the attention of the patient. Bad adminis-
trative decisions made several million people believe that they were “vic-
tims of Chernobyl” although the average annual dose they received from
“Chernobyl” radiation was only about one third of the average natural
dose. This was the main factor responsible for the economic losses caused
FIGURE 2. Measuring radiation on April 10, 2008 at a sport stadium downtown of Pripyat, about 4 km
NW from Chernobyl reactor. The dose rate was 0.28 μSv/h (2.5 mSv/year). Based on Fornalski (2009). 
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by the Chernobyl catastrophe, estimated to have reached $148 billion by
2000 for the Ukraine and to reach $235 billion by 2016 for Belarus. 
Psychological factors and a failure to teach radiological protection in
medical school curricula might have led to abortions of wanted pregnan-
cies in Western Europe during the period soon after the accident where
physicians wrongly advised patients that Chernobyl radiation posed a
health risk to unborn children. However, numerical estimates of this
effect (Ketchum 1987; Spinelli and Osborne 1991) cast doubt on this
assumption. Similarly uncertain are estimates of the number of decisions
against fecundation probably taken in Europe during the first few months
after the accident (Trichopoulos et al 1987). This problem was discussed
in 1987 by an IAEA Advisory Group that concluded that medical practi-
tioners having direct contact with the population at large are among the
most important persons who might develop the right perception of risks
in nuclear emergencies, prevent social panic and overreactions, and help
to ensure the rational behavior in the society. After the Chernobyl acci-
dent the public very often turned for help to medical practitioners, but
physicians were unable to provide realistic advice even on minor prob-
lems. This was because medical curricula did not at that time prepare
doctors for nuclear emergencies. In none of the nine countries repre-
sented at the meeting were the principles of radiobiology and radiation
protection included in medical school curricula (IAEA 1987). Lack of
knowledge in this important group was among the factors that increased
public anxiety and stress. It seems that now, two decades later, the situa-
tion in this respect is very much the same.
EFFECTS OF CHERNOBYL FALLOUT ON THE POPULATION 
In 2000 the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR 2000b) and in 2006 the United Nations
(UN) Chernobyl Forum (a group composed of representatives from 8
UN organizations, the World Bank and the governments of Belarus,
Russia and the Ukraine) stated in their documents that, except for thy-
roid cancers in the population of highly contaminated areas, no increase
in the incidence of solid tumors and leukemia, and no increase in genet-
ic diseases was observed. An increase in registration of thyroid cancers in
children under 15 years old was first found in 1987, one year after the
accident, in the Bryansk region of Russia, and the greatest incidence, of
0.027% was found in 1994. Both of these studies were made too early to
be in agreement with what we know about radiation induced cancers. The
mean latency period for malignant thyroid tumors in adults and children
exposed to external and internal medical irradiation with <20 to >40 Gy
is about 28 years (Kikuchi et al; 2004; UNSCEAR 2000b). Kikuchi et al
(2004) tried to explain the discrepancy between the clinical experience
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and the Chernobyl findings by some exotic ideas, such as, for example,
“radiation leakage or other environmental conditions, exposure to car-
cinogens that occurred near Chernobyl prior to the nuclear accident, or
that the population is genetically predisposed to thyroid cancer”.
However, mass screening and diagnostic suspicion, already flourishing in
1987, is a more serendipitous explanation.
The number of 4000 new thyroid cancers registered among the chil-
dren from Belarus, Russia and the Ukraine should be viewed with respect
to the extremely high occurrence of these dormant subclinical malignant
tumors that contain transformed tumor cells and are quite common in
the population (Akslen and Naumov 2008; Weinberg 2008). This is exem-
plified by occult thyroid cancers, the incidence of which varies from 5.6%
in Colombia, 9.0% in Poland, 9.3% in Minsk, Belarus, 13% in the United
States, 28% in Japan, to 35.6% in Finland (Harach et al 1985; Moosa and
Mazzaferri 1997). In Finland occult thyroid cancers are observed in 2.4%
of children (Harach et al 1985), i.e., some 90 times more than the maxi-
mum observed in the Bryansk region. In Minsk, Belarus the normal inci-
dence of occult thyroid cancers is 9.3% (Furmanchuk et al 1993). The
“Chernobyl” thyroid cancers are of the same histological type and are sim-
ilar in invasiveness to the “occult cancers” (Moosa and Mazzaferri 1997;
Tan and Gharib 1997). Since 1995 the number of registered cancers has
tended to decline. This is not in agreement with what we know about radi-
ation induced thyroid cancers whose latency period is about 5 - 10 years
after irradiation exposure (Inskip 2001) and whose risk increases until 15
- 29 years after exposure (UNSCEAR 2000a). In the United States the inci-
dence rate of thyroid tumors detected between 1974 and 1979 during a
screening program was 21 times higher than before the screening (Ron
et al 1992), an increase similar to that observed in three former Soviet
countries. It appears that the increased registration of thyroid cancers in
contaminated parts of these countries is a classical screening effect.
According to the regulations of the Belarusian Ministry of Health the
thyroids of all people who were younger than 18 in 1986 and those of
each inhabitant of “contaminated areas” must be diagnosed every year
(Parshkov et al 2004). More than 90% of children in contaminated areas
are now diagnosed for thyroid cancers every year with ultrasonography
(USG) and other methods. It is obvious that such a vast scale screening,
probably the greatest in the history of medicine, resulted in finding thou-
sands of the “occult” cancers, or “incidentalomas”, expanded to forms
detectable by modern diagnostic methods that were not in routine use in
the Soviet Union before 1986. 
Data for the past 20 years published by (Ivanov et al 2004) and cited
in the UNSCEAR and Chernobyl Forum documents (Forum 2005;
Forum 2006; Ivanov et al 2004; UNSCEAR 2008) show, in comparison to
the Russian general population, a 15% to 30% lower mortality from solid
15
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tumors among the Russian Chernobyl emergency workers and a 5%
lower average solid tumor incidence among the population of the
Bryansk district, the most contaminated in Russia (Figures 3 and 4). In
the most exposed group of these people (with an estimated average radi-
ation dose of 40 mSv) a 17 % decrease in the incidence of solid tumors
of all kinds was found. In the Bryansk district the leukemia incidence is
not higher than in the Russian general population. According to
(UNSCEAR 2000b) no increase in birth defects, congenital malforma-
tions, stillbirth or premature births could be linked to radiation expo-
sures caused by the Chernobyl fallout. The final conclusion of the
UNSCEAR 2000b report is that the population of the three main con-
taminated areas with a cesium-137 deposition density greater than 37
kBq/m2 “need not live in fear of serious health consequences”, and forecasts that
“generally positive prospects for the future health of most individuals should pre-
vail”. 
The publications of the UN Chernobyl Forum (2005, 2006) present a
rather balanced overview of the Chernobyl health problems, but with
three important exceptions. The first is (mainly after (Cardis et al. 2005)
ignoring or downplaying the effect of screening for thyroid cancers of
about 90% population (see discussion above), and interpreting the
results with a linear no-threshold dose-response model. This Cardis et al
(2005) paper, however, was criticized by (Scott 2006) for this interpreta-
tion, not confirmed by the data presented. Both the Chernobyl Forum
(2005, 2006), and Cardis et al (2005, 2006) papers, ignore the aforemen-
tioned fundamental problem of occult thyroid cancers in the former
FIGURE 3. Standard mortality ratios (SMR) for solid cancers among the Russian emergency work-
ers. The values of SMR indicate how cancer mortality of emergency workers differs from that in gen-
eral population of Russia used as a control group (1.0). The deficit of cancers among these workers
between 1990 and 1999 ranged between 15% and 30%. Based on Ivanov et al. (2004, page 225).
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Soviet Union and elsewhere in Europe. The incidence of thyroid occult
cancers increased rapidly after advent of new USG diagnostics (Topliss
2004). Reaching up to 35.6% (see above) this incidence is more than
1300 times higher than the maximum thyroid cancer incidence found in
Bryansk Region, Russia in 1994 (UNSCEAR 2000b), what implies a vast
potential for bias. It seems that up until now an epidemiological study on
temporal changes of intensity of thyroid screening in the former Soviet
Union was not performed. The conclusions from epidemiological studies
not taking into account these changes in screening may be invalid. In
Bryansk region, Russia the thyroid cancer incidence was found 45% high-
er in males and 90% higher in females, than for the whole Russian pop-
ulation. However, when dose-response analyses were performed using
external and internal comparisons, no positive association of thyroid can-
cers with radiation dose was observed, but a negative one, i.e. a hormetic
effect (Ivanov et al 2004). These results strongly suggest that the
increased cancer rates in Bryansk (and by implication in other contami-
nated regions) compared with general population rates are due to thy-
roid cancer screening and better reporting rather than radiation expo-
sure (Ron 2007). In her interpretation of thyroid cancer data Ron also
did not take into account the occult thyroid cancer issue. Even more
important, however, was perhaps ignoring both in her and Cardis et al
(2006) papers a decrease of thyroid cancer incidence of up to 38%, after
diagnostic irradiation with iodine-131 of many thousands of non-cancer
Swedish patients with doses similar to or higher than those received from
FIGURE 4. Standard incidence ratios (SIR) for solid cancers among inhabitants of Bryansk region,
Russia. The average deficit of cancers in Bryansk region was 5%, and in the most exposed group
(mean radiation dose of 40 mGy) 17%. Based on Ivanov et al. (2004, pages 373 and 374).
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the Chernobyl fallout by inhabitants of post-soviet countries (Dickman et
al 2003; Hall et al 1996;Holm et al 1991; Holm et al. 1988). 
The second problem with the Chernobyl Forum (2005, 2006) reports
is estimation of deaths among the patients with acute radiation disease.
From among 134 persons with this disease who had been exposed to
extremely high radiation doses, 31 died soon after the accident. Among
the 103 survivors, 19 died before 2004. Most of these deaths were due to
such disorders as lung gangrene, coronary heart disease, tuberculosis,
liver cirrhosis, fat embolism and other conditions that can hardly be
defined as caused by ionizing radiation. But the Chernobyl Forum (2005,
2006) presents them as a resulting from high irradiation and sums them
up to a total of approximately 50 victims of acute irradiation. After many
summers all the 103 survivors will eventually die. The Chernobyl Forum
(2005, 2006) philosophy would then count them all, yielding a round
total of 134 victims of high irradiation. In fact, the mortality rate among
these 103 survivors was 1.08% per year, i.e., less than average mortality
rate of 1.5% in the three affected countries in 2000 (GUS 1991). 
And finally, the third “Forum problem” is the projections of future
fatalities caused by low level Chernobyl radiation from 4000 up to exact-
ly 9935 deaths. These numbers are not based on epidemiological data of
cancer mortality observed during the past 20 years by (Ivanov et al 2004)
that demonstrated no such increase, but rather a decrease of solid tumor
and leukemia deaths among exposed people. These epidemiological
data, rather than the LNT assumption, should be used as the basis for a
realistic projection of the future health of the millions of people offi-
cially labeled “victims of Chernobyl”. However, the Chernobyl Forum
(2005, 2006) instead chose to use the LNT radiation risk model (ICRP
1991) and performed a simplistic arithmetical exercise by multiplying
small doses by a great number of people and including a radiation risk
factor deduced from the Hiroshima and Nagasaki studies. People living
in areas highly contaminated by the Chernobyl fallout were irradiated
during a protracted time. The dose rates in Hiroshima and Nagasaki
were higher by a factor of about 1011 than the average dose rate of the
“Chernobyl victims” that was used in Forum’s projections. The result of
this exercise is nothing more than a fibbing fantasy. Several scientific and
radiation protection bodies, including UNSCEAR, the Health Physics
Society (Mossman et al 1996), the French Academy of Science (Tubiana
1998), and even the chairman of the International Commission on
Radiological Protection (Clarke 1999), advised against making such cal-
culations. Merely publishing these numbers is harmful and petrifies the
Chernobyl fears. Any efforts to explain the intricacies of radiation risk
assessments to the public or to compare these numbers with the much
higher level of spontaneous cancer deaths will be futile excercises. The
past twenty years proved that such efforts are worthless. Making such cal-
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culations keeps a lot of people busy and well but has no relation to real-
ity and honesty. The Chernobyl Forum (2005, 2006) elucubrations pale
in the face of recent estimates by other bodies (Greenpeace 2006; Vidal
2006) predicting the incidence of millions Chernobyl cancers and hun-
dreds of thousands deaths. 
It is reassuring, however, that sixteen years after the Chernobyl catas-
trophe another group composed of four UN organizations (United
Nations Development Programme – UNDP; United Nations
International Children’s Emergency Fund – UNICEF; World Health
Organization – WHO; United Nations Office for the Coordination of
Humanitarian Affaires – UN-OCHA) dared to state in its 2002 report
based on UNSCEAR studies that a great part of the billions of dollars used
to mitigate the consequences of the Chernobyl accident was spent incor-
rectly. The dollars spent in these efforts did not improve but actually wors-
ened a deteriorating situation for 7 million so-called “victims of
Chernobyl” and petrified the psychological effects of the catastrophe and
the wrong decisions of the authorities. The report (UNDP 2002) recom-
mended that the three post-soviet countries and the international organ-
izations abandon the current policy. The misguided basis of this policy,
i.e. expectation of mass radiation health effects, was responsible for the
enormous and uselessly expended resources sacrificed for remediation
efforts. The report presented 35 practical recommendations needed to
stop the vicious cycle of Chernobyl frustrations, social degradation, pau-
perization and the epidemic of psychosomatic disorders. The recom-
mendations suggest a reversal from the position of concentrating atten-
tion on nonexistent radiation hazards and that the relocated individuals
should be allowed to return to their old settlements, i.e., that essentially
all of the restrictions should be removed. 
But here we enter a political mine-field. How well will people accept
losing the mass benefits (equivalent to about $40 a month) that they poet-
ically call a “coffin bonus”? How can it be explained to them that they
were made to believe that they were the “victims” of a non-existing haz-
ard, that the mass evacuations were an irresponsible error, that for twen-
ty years people were unnecessarily exposed to suffering and need, that
vast areas were unnecessarily barred from use, and that their countries’
resources were incredibly squandered? One can read in many publica-
tions that the Chernobyl catastrophe had serious political implications by
becoming an important factor in the dismantling of the Soviet Union and
in attempts to control nuclear arms. As Mikhail Gorbachev stated : “The
nuclear meltdown at Chernobyl 20 years ago … even more than my launch of pre-
restroika, was perhaps the real cause of the collapse of the Soviet Union five years
later. … Chernobyl opened my eyes like nothing else: it showed the horrible conse-
quences of nuclear power …One could now imagine much more clearly what might
happen if a nuclear bomb exploded …one SS-18 rocket could contain a hundred
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Chernobyls. Unfortunately, the problem of nuclear arms is still very serious today.”
(Gorbachev 2006). 
Would fulfilling the recommendations of the UNDP 2002 report
again result in a political catharsis and perhaps induce violent reactions?
Probably not in Russia, where a more rational approach to Chernobyl
prevails. But the political classes of Belarus and Ukraine have for years
demonstrated a much more emotional approach. When the (UNSCEAR
2000a) report documenting the low incidence of serious health hazards
resulting from the Chernobyl accident was presented to the UN General
Assembly, the Belarus and Ukraine delegations lodged a fulminating
protest. This in 2002 set the stage the Chernobyl Forum and helped to
focus its agenda. 
The Chernobyl rumble and emotions are beginning to settle down.
In the centuries to come the catastrophe will be remembered as a proof
that nuclear power is a safe means of energy production. It even might
change the thinking of ICRP.
ACKNOWLEDGEMENT
This paper was greatly improved by comments and editorial help
from Dr. Norman Kelker, Enso Life Sciences, Farmington, N.Y.
REFERENCES
ACS. 2009. Tumor markers. American Cancer Society http://www.cancer,org/ docroot/ PED/
content/ PED_2_3X_Tumor_Markers.asp.
Akslen LA and Naumov GN. 2008. Tumor dormancy - from basic mechanisms to clinical practice.
Acta Pathologica, Microbiologica et Immunologica Scandinavica Special Issue: Tumor
Dormancy 116: 545-547
Altius D. 2008. Natural Disaster. http://www.altiusdirectory.com/Science/natural-disaster.html.
ApSimon HM, Goddard AJH, Wrigley J, and Crompton S. 1985. Long-range atmospheric dispersion
of radioisotopes - II. Application of the MESOS model. Atmospheric Environment 19: 113-125
ApSimon HM and Wilson JJN. 1987. Modelling Atmospheric dispersal of the Chernobyl release
across Europe. Boundary-Layer Meteorology 41: 123-133
Becker K. 1996 Some economical, social and political consequences in Western Europe. Paper No.
IAEA-CN-63/196. International Conference One Decade after Chernobyl: Summing up the
Consequences of the Accident
Bell ML and Davis DL. 2001. Reassessment of the lethal London fog of 1952: Novel indicators of
acute and chronic consequences of acute exposure to air pollution. Environmental Health
Perspectives Supplements. http://www.ehponline.org/members/2001/suppl-3/389-394bell/
bell-full.html.
Benenson W, Harris JW, Stocker H, and Lutz H. 2006. Handbook of Physics. Springer
Berrington A, Darby SC, Weiss HA, and Doll R. 2001. 100 years of observation on British radiologists:
mortality from cancer and other causes 1897-1997. The British Journal of Radiology 74: 507-519
Cardis E, Kesminiene A, Ivanov VK, Malakhova I, Shibata Y, Khrouch V, Drozdovitch V, Maceika E,
Zvonova I, Vlassov O, Bouville A, Goulko G, Hoshi M, Abrosimov A, Anoshko J, Astakhova L,
Chekin SY, Demidchik E, Galanti R, Ito M, Korobova E, Lushnikov E, Maksioutov MA, Masyakin
V, Nerovnia A, Parshin V, Parshkov EM, Piliptsevich N, Pinchera A, Polyakov S, Shabeka N,
Suonio E, Tenet V, Tsyb AF, Yamashita S, and Williams D. 2005. Risk of thyroid cancer after
exposure to 131I in childhood. J of National Cancer Institute 97: 724-732
20
Dose-Response: An International Journal, Vol. 8 [2014], Iss. 2, Art. 5
https://scholarworks.umass.edu/dose_response/vol8/iss2/5
Z. Jaworowski
168
Cardis E, Krewski D, Bonio M, V. D, Darby SC, Gilbert ES, Akiba S, Benichou J, Felay J, Gandini S,
Hill C, Howe G, Kesminiene A, Moser M, Sanchez M, Storm HH, Voisin L, and Boyle P. 2006.
Estimates of the cancer burden in Europe from radioactive fallout from the Chernobyl accident.
International Journal of Cancer 119: 1224-1235
Cardis E; Vrijheid M; Blettner M; Gilbert E; Hakama M; Hill C; Howe G; Kaldor J; Muirhead CR;
Schubauer-Berigan M; Yoshimura T; Bermann F; Cowper G; Fix J; Hacker C; Heinmiller B;
Marshall M; Thierry-Chef I; Utterback D; Ahn YO; Amoros E; Ashmore P; Auvinen A; Bae JM;
Bernar J; Biau A; Combalot E; Deboodt P; Diez Sacristan A; EklÃ¶f M; Engels H; Engholm G;
Gulis G; Habib RR; Holan K; Hyvonen H; Kerekes A; Kurtinaitis J; Malker H; Martuzzi M;
Mastauskas A; Monnet A; Moser M; Pearce MS; Richardson DB; Rodriguez-Artalejo F; Rogel A;
Tardy H; Telle-Lamberton M; Turai I; Usel M; Veress K. 2007. The 15-country collaborative study
of cancer risk among radiation workers in the nuclear insustry: Estimates of radiation-related
cancer risks. Radiation Research 167: 396-416
Chen WL, Luan YC, and others a. 2004. Is chronic radiation an effective prophylaxis agains cancer?
Journal of American Physicians and Surgeons 9: 6-10
Christensen GC. 1989. The impact of the Chernobyl accident on Norway. In 7th IRPA International
Congress, Vol. 2, pp. 1483-1486. Available at http://www2000.irpa.net/irpa7/ cdrom/ VOL.3/
S3_106.PDF.
Clarke R. 1999. Control of low-level radiation exposure: time for a change? Journal of Radiological
Protection 19: 107-115
Cohen BL. 2000. The recent cancer risk from low level radiation: A review of recent evidence.
Medical Sentinel 5: 128-131
available at: http://www.haciendapub.com/article150.html
Davis JR. 2009. Postwar relations: the long climbing from Yalta and Potsdam to Gdansk and the round
table. Polish Review: 1-77
Davis RR, Domber G, Jarzab M, Sowinski P, and al. e. 2006. Toward the Victory of Solidarity:
Correspondence between the American Embassy in Warsaw and the State Department, January-
September 1989 (in Polish). Instytut Studiów Politycznych PAN
Dhara VR and Dhara R. 2002. The Union Carbide Disaster in Bhopal: A review of Health Effects.
Archives of Environmental Health 57: 391-404
Dibb JE, Mayewski PA, Buck CS, and Drumey SM-. 1990. Beta radiation from snow. Nature 345: 25
Dickman PW, Holm LE, Lundell G, J.D. B, and Hall P. 2003. Thyroid cancer risk after thyroid exam-
ination with 131I: a population-based cohort study in Sweden. International Journal of Cancer
106: 580-587
EUR. 1996. Preliminary version of the total Caesium-137 deposition map taken from the “Atlas of
Caesium deposition on Europe after the Chernobyl accident”. European Commission Office of
Publication, Luxembourg, EUR report 16733.
Fornalski KW. 2009 What is now radiation level in Chernobyl? (in Polish). Press Conference of
Society of Ecologists for Nuclear Energy (SEREN), Polish Press Agency, Warsaw, April 24, 2009
Fornalski KW and Dobrzynski L. 2009. Healthy worker effect and nuclear industry workers. Dose-
Response this issue: ???
Forum. 2005. Chernobyl’s legacy: Health, Environmental and Socio-Economic Impacts and
Recommendations to the Governments of Belarus, the Russian federation and Ukraine, pp. 1-
57. The Chernobyl Forum.
Forum. 2006. Health Effects of the Chernobyl Accident and Special Health Care Programmes.
Report of the UN Chernobyl Forum Expert Group “Health”. World Health Organization
Frigerio NA, Eckerman KF, and Stowe RS. 1973. The Argonne Radiological Impact Program (ARIP).
Part I. Carcinogenic Hazard from Low-level, Low-rate Radiation, pp. 1-35. Argonne National
Laboratory.
Frigerio NA and Stowe RS. 1976. Carcinogenic and genetic hazard from background radiation. In
Biological and Environmental Effects of Low-Level Radiation,, Vol. 2, pp. 385-393. IAEA-SM-
202/805. International Atomic Energy Agency, Vienna, Austria.
Furmanchuk AW, Roussak N, and Ruchti C. 1993. Occult thyroid carcinomas in the region of Minsk,
Belarus. An autopsy Study of 215 patients. Histopathology 23: 319-325
Goldman M, Catlin RJ, and Anspaugh L. 1987. Health and environmental consequences of the
Chernobyl Nuclear Power Plant accident, pp. 1-289. U.S. Department of Energy.
Gorbachev M. 2006. Turning point at Chernobyl. http://www.project-syndicate.org/commentary/
gorbachev3/English.
21
Jaworowski: Chernobyl disaster and LNT
Published by ScholarWorks@UMass Amherst, 2014
Chernobyl disaster and LNT
169
Greenpeace. 2006. Chernobyl death toll grossly underestimated. 18 April, 2006. In Greenpeace
International. http://www.commondreams.org/cgi-bin/print.cgi?file=/headlines06/0325-
05.htm.
GUS. 1991. Statistical Yearbook of the Republic of Poland (in Polish). Glówny Urzad Statystyczny,
Warsaw, Poland
Hall P, Mattsson A, and Boice Jr. JD. 1996. Thyroid cancer after diagnostic administration of iodine-
131. Radiation Research 145: 86-92
Harach HR, Franssila KO, and Wasenius VM. 1985. Occult papillary carcinoma of the thyroid - A
“normal” finding in Finland. A systematic study. Cancer 56: 531-538
Henriksen T and Saxebol G. 1988. Fallout and radiation doses in Norway after the Chernobyl acci-
dent. Environment International, Special Issue: Chernobyl Accident: Regional and Global
Impacts, Guest Editor Zbigniew Jaworowski 14: 157-163
Hirschberg S, Spikerman G, and Dones R. 1998. Severe accidents in the energy sector. Paul Scherrer
Institute, Switzerland, report No. PSI- 98-16.
Holm LE, Hall P, Wiklud K, Lundell G, Berg G, Bjelkwengren G, Cederquist E, Ericsson UB, Larsson
LG, Lidberg M, Lindberg S, Tennvall J, Wicklund H, and Boice JJD. 1991. Cancer risk after
iodine-131 therapy for hyperthyroidism. Journal of the National Cancer Institute 83: 1072-1077
Holm LE, Wiklud K, Lundell G, Bergman A, Bjelkwengren G, Cederquist E, Ericsson UB, Larsson
LG, Lidberg M, Lindberg S, Wicklund H, and Boice JJD. 1988. Thyroid cancer after diagnostic
doses of iodine-131: A retrospective cohort study. Journal of the National Cancer Institute 80:
1133-1138
Hwang SL, Guo HR, Hsieh WA, Hwang JS, Lee SD, Tang JL, Chen CC, Chang TC, Wang JD, and
Chang WP. 2006. Cancer risk in a population with prolonged low dose-rate g-radiation expo-
sure in radiocontaminated buildings, 1983-2002. International Journal of Radiation Biology
82: 849-858
IAEA. 1987 Conclusions and Recommendations. Advisory Group Meeting on Introducing the Basic
Principles of Assessment and treatment of Radiation Injuries into the Basic and Post-Graduate
Training of Medical and Paramedical Personnel
IAEA. 2008. Climate Change and Nuclear Power 2008. Brochure, pp. 60. International Atomic Energy
Agency http://www.iaea.org/OurWork/ST/NE/Pess/assets/08-33461-CCNP-Brochure.pdf.
ICRP. 1959. Recommendations of the International Commission on Radiological Protection.
Pergamon Press
ICRP. 1984. Protection of the public in the event of major radiation accidents: Principles for plan-
ning. Pergamon Press
ICRP. 1991. 1990 Recommendations of the International Commission on Radiological Protection.
ICRP Publication 60. Pergamon Press
Idas B and Myhre J. 1994. Countermeasures in Norway are exaggerated (in Norwegian). Aftenposten
8.10.1994
Ilyin LA. 1995. Chernobyl: Myth and Reality. Megapolis
Ilyin LA. 1996. Personal communication to Z. Jaworowski, Warsaw 23 December 1996. 
Inskip PD. 2001. Thyroid cancer after radiotherapy for childhood cancer. Medical and Pediatric
Oncology 36: 568-572
Ivanov VK, Tsyb AF, Ivanov S, and Pokrovsky V. 2004. Medical Radiological Consequences of the
Chernobyl Catastrophe in Russia. NAUKA
Jaworowski Z. 1988. Chernobyl Proportions - Editorial. Environ Internatl, Special Issue: Chernobyl
Accident: Regional and Global Impacts, guest ed Zbigniew Jaworowski 14: 69-73
Jaworowski Z. 1999. Radiation risk and ethics. Physics Today 52: 24-29
Jaworowski Z. 2000 Beneficial Radiation and Regulations. IOCONE 8 8th International Conference
on Nuclear Engineering April 2-6, 2000, Baltomore, MD USA,
Jaworowski Z. 2002. Ionizing radiation in the 20th century and beyond. Atomwirtschaft- Atomtechnik
atw 47: 22-27
Jaworowski Z. 2009. Radiation Hormesis - A Remedy for Fear. BELLE Newsletter 15: 14-20
Jaworowski Z and Kownacka L. 1994. Nuclear weapon and Chernobyl debris in the troposphere and
lower stratosphere. The Science of the Total Environment 144: 201-215
Ketchum LE. 1987. Lessons of Chernobyl: SNM members try to decontaminate the world threatened
by fallout - Experts face chanllenge of educating public about risk and radiation. Journal of
Nuclear Medicine 28: 933-942
22
Dose-Response: An International Journal, Vol. 8 [2014], Iss. 2, Art. 5
https://scholarworks.umass.edu/dose_response/vol8/iss2/5
Z. Jaworowski
170
Kikuchi S, Perrier N, Ituarte P, Siperstein AE, Dug Q-Y, and Clark OH. 2004. Latency period of thy-
roid neoplasia after radiation exposure. Annals of Surgery 239: 536-543. Available at
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1356259&rendertype=table&id=t
1356251-1356214
Krajewski P. 1991. Estimate of thyroid committed dose equivalents in polish population due to iodine-
131 intake after the Chernobyl catastrophe. Determination of effectiveness of thyroid blocking
with sodium iodide. (in Polish). Polish Journal of Endocrinology 42: 189-202
Luckey TD. 2003. Radiation hormesis overview. RSO Magazine 8: 22-41
McCully P. 1998. When things fall apart: The technical failures of large dams (Chapter 4). In:
(ed)Silenced Rivers: The ecology and Politics of Large dams, pp 200. South Asia Books
Moosa M and Mazzaferri EL. 1997. Occult thyroid carcinoma. The Cancer Journal 10: 180-188
Mortazawi SMJ, Ghiassi-Neyad M, Karam PA, Ikushima T, Niroomand-rad A, and Cameron JR. 2006.
Cancer incidence in areas with elevated levels of natural radiation. International Journal of Low
Radiation 2: 20-27
Mossman KL, Goldman M, Masse F, Mills WA, Schiager KJ, and Vetter RL. 1996. Radiation risk in per-
spective - Health Physics Society Position Statement, March 1996, Vol. 12 March, 1996, pp. 1-2.
http://www.physics.isu.edu/radinf/hprisk.htm.
Murphy G. 2009. A final warning for humanity - or James Lovelock. A review of James Lovelock ‘The
Vanishing Face of Gaia: A Final Warning”, Basic Books, 2009, New York. 21st Century Sci
Technol 22: 63-64. Available at http://www.21stcenturysciencetech.com/Subscriptions/Spring-
2009_ONLINE/TCS_sp2009.pdf
Nauman J. 1989. Potassium iodide prophylaxis in poland: Review of far field experience. In: Rubery
E and Smales E (eds) Iodine Prophylaxis Following Nuclear Accidents, pp 135-140. Pergamon
Press, New York. In: 
Parshkov EM, Sokolov VA, Tsyb AF, Proshin AD, and Barnes JG. 2004. Radiation-induced thyroid can-
cer: what we know and what we really understand. Int J Low Radiation 1: 267-278
Philippot JC. 1990. Fallout in snow. Nature 348: 21
Ron E. 2007. Thyroid cancer incidence among people living in areas contaminated by radiation from
the Chernobyl accident. Health Physics 93: 502-511
Ron E, Lubin J, and Schneider AB. 1992. Thyroid cancer incidence. Nature 360: 113
Salo A and Daglish J. 1988. Response to an accident in theory and in practice. Environment
International, Special Issue on “Chernobyl Accident: Regional and Global Impacts” Guest
Editor Zbigniew Jaworowski 14: 185-200
Scott BE. 2006. Correspondence: Re: Risk of thyroid cancer after exposure to 131I in childhood.
Journal of the National Cancer Institute 98: 561
Spinelli A and Osborne JF. 1991. The effects of the Chernobyl explosion on induced abortion in Italy.
Biomedicine & Pharmacotherapy 45: 243-247
Tan GH and Gharib H. 1997. Thyroid incidentalomas: Management approaches to nonpalpable nod-
ules discovered incidentally on thyroid imaging. Annals of Internal Medicine 126: 226-231
Taylor LS. 1980 Some non-scientific influences on radiation protection standards and practice. 5th
International Congress of the International Radiation Protection Association
Topliss D. 2004. Thyroid incidentaloma: The ignorant in pursuit of impalpable. Clinical
Endocrinology 60: 18-20
Trichopoulos D, Zavitsanos X, Koutis C, Drogari P, Proukakis C, and Petridou E. 1987. The victims of
Chernobyl in Greece: Induced abortions after the accident. British Medical Journal 295: 1100
Tubiana M. 1998. The report of the French Academy of Science: ‘Problems associated with the effects
of low doses of ionizing radiation’. Journal of Radiological Protection 18: 243-248
UNDP. 2002. The Human Consequences of the Chernobyl Nuclear Accident: A strategy for Recovery,
pp. 1-75. United Nations Development Programme (UNDP) and the UN Children’s Fund
(UNICEF) with the support of the UN Office for Co-ordination of Humanitarian Affairs
(OCHA) and WHO. p. 1-75.
UNSCEAR. 1958. Report of the United Nations Scientific Committee on the Effects of Atomic
Radiation, pp. 1-228. United Nations.
UNSCEAR. 1982. Ionizing Radiation: Sources and Biological Effects, pp. pp.773. United Nations
Scientific Committee on the Effects of Atomic Radiation.
UNSCEAR. 1988. Sources, Effects and Risks of Ionizing Radiation. Report of the United Nations
Scientific Committee on the Effects of Atomic Radiation, pp. 647. United Nations.
23
Jaworowski: Chernobyl disaster and LNT
Published by ScholarWorks@UMass Amherst, 2014
Chernobyl disaster and LNT
171
UNSCEAR. 1993. Sources and Effects of Ionizing Radiation, pp. 1-922. United Nations Scientific
Committee on the Effects of Atomic Radiation.
UNSCEAR. 1994. Annex B: Adaptive responses to radiation in cells and organisms. In: (ed)Sources
and Effects of Ionizing Radiation. Report of the United Nations Scientific Committee on the
Effects of Atomic Radiation, pp 185-272. United Nations
UNSCEAR. 1998. Exposures from man-made radiation. Report of United Nations Scientific
Committee on the Effects of Atomic Radiation, pp. 1-130.
UNSCEAR. 2000a. Sources and Effects of Ionizing Radiation. United Nations Scientific Committee
on the Effects of Atomic Radiation UNSCEAR 2000, Report to the General Assembly. United
Nations.
UNSCEAR. 2000b. Sources and Effects of Ionizing Radiation. United Nations Scientific Committee
on the Effects of Atomic Radiation UNSCEAR 2000, Report to the General Assembly. Annex J:
Exposures and Effects of the Chernobyl Accident, pp. 451 - 566. United Nations.
UNSCEAR. 2001. Hereditary Effects of Radiation. Scientific annex of UNSCEAR 2001 report to the
General Assembly, pp. 224. United Nations Scientific Committee on the Effects of Atomic
Radiation.
UNSCEAR. 2008. Health effects due to radiation from the Chernobyl accident. Draft report
A/AC.82/R.673, pp. 1-220. United Nations Scientific Committee on the Effects of Atomic
Radiation.
Vidal J. 2006. UN accused of ignoring 500,000 Chernobyl deaths. In Guardian/UK 25 March, 2006.
http://www.commondreams.org/cgi-bin/print.cgi?file=/headlines06/0325-05.htm.
Walinder G. 1995. Has radiation protection become a health hazard? The Swedish Nuclear Training
& Safety Center
Webster EW. 1993. Hormesis and radiation protection. Investigative Radiology 28: 451-453
Wei L, Zha, Y. Tao, Z., He, W.. Chen, D. Yuan, Y. 1990. Epidemiological investigation of radiological
effects in high background radiation areas of Yangjiang, China. Journal of Radiation Research
31: 119-136
Weinberg RA. 2008. The many faces of tumor dormancy. In Acta pathologica, Microbiologica et
Immunologica Scandinavica. Special Issue: Tumor Dormancy, Vol. 116, pp. 548-551.
http://www3.interscience.wiley.com/cgi-bin/fulltext/121415236/PDFSTART.
WNA. 2009. World Nuclear Association. The Hazards of Using Energy. Some energy-related accidents
since 1977. http://www.world-nuclear.org./info/inf06app.htm.
Yi S. 1998. The World’s Most Catastrophic Dam Failures. The August 1975 collaps of the Baqiao and
Shimantan dams. In: D. Qing, J. Thiboleau, and P. B. Williams (ed)The River Dragon Has come!
The Three Gorges Dam and the Fate of China’s Yangtze River and its People, pp pp. 240. M.E.
Sharpe
24
Dose-Response: An International Journal, Vol. 8 [2014], Iss. 2, Art. 5
https://scholarworks.umass.edu/dose_response/vol8/iss2/5
